spectrometer (Escalab 250Xi) equipped with an Al Kα radiation source (1487.6 eV) and a hemispherical analyzer with a pass energy of 30.0 eV and an energy step size of 0.05 eV. The obtained data was corrected by the binding energy of C 1s peak (284.8 eV). The spectral deconvolution was performed by Shirley background subtraction using a Voigt function, and the convolution was carried out by the Gaussian and Lorentzian functions. 10 . Electrocatalytic measurements The catalyst dispersion (or ink) was prepared by mixing commercial Pt/C, Pt/NMC, or Pt 1 /NMC with a 1-ml mixture containing 500 ul of isopropyl alcohol, 420 ul of water and 80 ul of 5wt% Nafion solution. For Pt 1 /NMC ink, 2 mg of Pt 1 /NMC was dispersed in 1-ml mixture solution; this results in Pt with a concentration of 0.1 ug ul -1 . After that, 20 ul of the ink was uniformly loaded onto freshly polished glassy carbon electrodes (diameter = 5 mm), and the corresponding loading content of Pt element was 10 ug cm -2 . The same experimental procedures and analyses were applied to Pt/C and Pt/NMC.
All electrochemical tests were performed in a conventional three-electrode electrochemical cell using an Autolab potentiostat (PGSTAT-204N) equipped with the Nova 1.11 software in 0.5 M H 2 SO 4 . A rotating-disk glassy-carbon electrode was used as the working electrode, while a carbon rod electrode and Ag/AgCl (with saturated KCl as the filling solution) were used as the counter and reference electrodes, respectively. All potentials measurements were calibrated to the reversible hydrogen electrode according to the following equation: E RHE = E Ag/AgCl + 0.197 + 0.059*pH. To accelerate the diffusion of H 2 gas bubbles formed at the catalyst surface during the hydrogen evolution reaction, the polarization curves were recorded using a rotating-disk electrode with 90% IR compensation at the rotation rate of 1600 rpm. To test the stabilities of Pt 1 /NMC, Pt/NMC and Pt/C catalysts, a total of 1000 or 5000 cyclic voltammetry sweeps were carried out at the voltage range of +0.3 to -0.1 V (versus RHE) with a scan rate of 100 mV s -1 in 0.5 M H 2 SO 4 11. XAFS experiments and data processing XAFS measurements at the Pt L 3 -edge were carried out in both transmission (for the Pt foil) and fluorescence (for the samples) modes at the BL14W1 1 in the Shanghai Synchrotron Radiation Facility (SSRF). And the X-ray absorption data at the Pt Ledge of samples were recorded at room temperature and exposed to air. The electron beam energy was 3.5 GeV, and the stored current was 260 mA (top-up). A 38-pole wiggler with a maximum magnetic field of 1.2 T was inserted into the straight section of the storage ring and used. The XAFS data were collected using a fixed-exit, double-crystal Si (111) monochromator. A multi-element (7) Ge solid-state detector was used to collect the fluorescence signals, and the energy was calibrated with Pt foil. The photon flux at the sample position was 2.5×10 12 photons per second.
The raw data analysis was performed using the IFEFFIT software package according to the standard data analysis procedures 2 . The background subtraction and normalization procedures were carried out using standard routines with default parameters determined by the Athena program in the IFEFFIT software package, in which the spectra were calibrated and averaged, the pre-edge background was subtracted, and the post-edge was normalized. Meanwhile, the data were phase corrected. The Fourier transformation of the k 2 -weighted EXAFS oscillations, k 2 ·χ(k), from the k space to the R space was performed over a range of approximately 3-9 Å -1 , to obtain a radial distribution function. In addition, the data fitting was performed by Artemis program available in the IFEFFIT package. 12. Computational Methods DFT calculations. Our first-principles calculations were performed based on density functional theory (DFT) as implemented in the Vienna ab-initio simulation package (VASP) 3, 4 . The projector-augmented-wave (PAW) method was utilized to describe the interactions between the ionic cores and the valence electrons 5, 6 . Electronic exchange-correlation effects were treated by the Perdew-Burke-Ernzerhof parameterized functional in generalized gradient approximation (PBE-GGA) 7 . Electronic wave functions were expanded by plane wave basis sets with a kinetic energy cutoff of 450 eV.
Periodic boundary conditions were used to construct models of nitrogen-doped mesoporous carbon without defects, and with edge vacancy defects, double vacancy defects and single vacancy defects, as shown in Fig-HS1 . The thickness of vacuum layers was set to at least 18 Å to avoid periodic interactions. During the geometrical optimization, DFT-D3 method was adopted to include van der Waals interactions 8 . The convergence criterion for the self-consistent electronic minimization loop was set to 10 -5 eV, and the ionic relaxations were performed until the force on each atom was less than 0.02 eV Å -1 . During the structure relaxations for Pt adsorption in NMC substrate, the Brillouin zone was sampled using a Monkhorst-Pack scheme 9 (3 × 3 × 1 grid meshes were used for NMC without defects and NMC with edge vacancy defects, and 4 × 4 × 1 grid meshes were used for NMC with double vacancy defects and single vacancy defects). Bader charge analysis 10, 11 was carried out to quantitatively calculate the charge transfer between the NMC substrate, adsorbed Pt atoms and adsorbed H atoms, as well as between Pt atoms and ethanol molecules.
AIMD simulations. Our AIMD simulations were performed based on the BornOppenheimer approximation using a Nose-Hoover thermostat, with a time step of 1 fs. All AIMD simulations were performed within the NVT ensemble at a temperature of 213 K or 239 K. The initial volume of liquid ethanol at different temperatures was obtained by the relationship between ethanol density and temperature ( [g/cm 3 ] = -8.4618 × 10 -4 T [°C] + 0.8063; R 2 = 0.99999) 12 . To better describe the reaction at steady state, AIMD simulations were carried out at the target temperature for 30 ps, the time that has been observed to be sufficient for simulating Pt diffusions and initial nucleation process from which Pt-Pt dimer is formed.
The constrained minimization technique, as implemented in the atomic simulation environment (ASE) 13, 14 , has been shown to accurately evaluate the reaction barriers in various catalytic reactions 15, 16 . Thus, we used this technique to calculate the activation barriers of Pt-Pt dimerization in liquid ethanol as well as the H-H association barriers on single Pt atom adsorbed at NMC-SV/DV/EV site. Force convergence criteria was set to 0.05 eV Å -1 , and the search for the transition state was conducted at 0.02 Å step.
DFT calculations of Gibbs free energy of hydrogen. In general, the overall HER (H + + e - 1/2H 2 ) can be divided into two pathways according to the VolmerHeyrovsky mechanism or the Volmer-Tafel mechanism 17, 18 . The Gibbs free energy of adsorbed H atom (G H ) in HER is widely used to assess the catalytic activity of a catalyst: a catalyst with G H closer to zero has better performance than that with G H farther from zero. The G H can be calculated by the following equation: Fig. S1 . STEM images of Pt 1 /NMC. Examination of different regions revealed that almost no clusters or small particles were present in the vicinity of the isolated atoms. 
